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@ Preparation of fluorlnated organic compounds with elemental fluorine and fused alumina reactor. 

© Highly fluorinated compounds are prepared by reac- 
ting fiuorine with an organic compound having at least one 
fluorinatable carbon using a fused alumina porus tube. The 
fluorine is introduced into the porous tube and migrates 
outwardly. The organic is introduced outside the porous 
tube. A diluent such as sulfur hexafluoride or nitrogen may 
be used, but is not required. The process is particularly 
applicable to the production of octafluoropropane. 
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DESCRIPTION 

PREPARATION OF FLUORI NAT ED ORGANIC COMPOUNDS WITH 
ELEMENTAL FLUORINE AND FUSED ALUMINA POROUS REACTOR 
BACKGROUND OF THE INVENTION 
Present invention relates to the production of 
fluorinated organic compounds and especially compounds 
having the relatively high number of fluorines per car- 
bon. 

The production of highly fluorinated compounds 
has been conducted by a variety of techniques. For many 
compounds, however, conventional reactions and especial- 
ly those which employ HF as the fluorinating source, 
provide insufficient levels of f luorination. In addi- 
tion, when elemental fluorine is used, many compounds 
are either converted to carbon as a by-product or 
cleaved if more than one carbon is initially present. 
Futhermore, when hetero atoms such as the oxygen of 
acetone, the oxygen of ethers or the nitrogen of poly- 
alkylamines are present, fluorine causes side reac- 
tions such as cleavage or polymerization of the start- 
ing material. 

In a copending application (U.S. Application 
107,122, filed December 26, 1979) a method is described 
of reacting organic compounds having a f luorinatable 
carbon and at least two carbons with fluorine in a 
porous tube. In that application it is indicated that, 
using the metal porous tubes employed therein, it was 
necessary to use perf luorinated diluents such as sulfur 
hexafluoride in order to prevent cleavage. While such 
reactions give the desired product in high yields, the 



- 2 - 0031519 

introduction of such a diluent can complicate recovery 
of the product. 

In addition disclosures of Kurtz, including 
Canadian Patent 990,738 and commonly assigned copending 
U.S. Patent Application 644,788 filed December 29, 1975 
(now U.S. Patent 4,187,253 issued February 5, 1980) 
disclose porous tubes, including both metal tubes and 
fused alumina tubes, for the chlorination of organic 
compounds. While the above-described patents indicate 
the suitability of such metal tubes for f luorination, it 
was previously thought that fused alumina would be 
unsuitable for f luorinations because of the usually 
rapid reaction of alumina with fluorine to produce 
aluminum fluoride. Because aluminum fluoride is less 
dense than alumina, it would be expected that the pores 
of the tube would be clogged by expansion if fluorine 
were introduced into the porous tube. 

The present invention also relates to the 
production of perf luoropropane or octaf luoropropane 
which is known to be useful in plasma etching of elec- 
tronic components and is a dielectric gas. 

The production of perf luoropropane has been 
attempted from a variety of starting materials, but no 
process has been developed which produces the material 
in high yields without a multitude of steps. Exemplary 
starting materials are propane, propene, hexaf luoropro- 
pene and partially halogenated propanes and propenes. 

U.S. Patent 4,158,023 to von Halasz describes 
the production of perf luoropropane from hexaf luoropro- 
pene in two steps. This reference indicates that the 
direct conversion with elemental fluorine results in 
poor yields. Since hexaf luoropropene is itself fairly 
hard to produce in good yields, the overall process 
becomes involved with a multitude of steps and expense. 

U.S. Patent 3,840,445 to Paul et al. describes 
electrochemical fluorination of propane to perf luoropro- 
pane. The reference indicates the difficulty in separ- 
ating propane from the product by distillation, and, 
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accordingly, employs a two-step process of electrochem- 
ical f luorination. Although the product need be separ- 
ated only from partially fluorinated propane when the 
two steps are used, the process thereby becomes more 
5 involved, and the potential for overall yield losses 
increases • 

The production of perf luoropropane from pro- 
pane by elemental fluorination in a jet reactor has been 
described in an article by A. F. Maxwell et al • in 
10 Journal of the American Chemical Society , Vol. 52, pp. 

5827-30 (November 20, 1960). The tables in this article 
report production of perf luoropropane which suggests a 
yield, in the best case, of about 50 percent based on 
propane fed. 

15 BRIEF DESCRIPTION OF THE INVENTION 

It has been surprisingly found that by using a 
fused alumina porous tube, fluorine can be introduced 
into the inner zone and organics introduced outside the 
porous tube, with the result being neither reaction of 

20 fluorine with the tube nor the cleavage and/or polymer- 
ization reactions that might be expected. Instead, the 
use of a fused alumina tube permits the reaction to be 
conducted in conventional diluents such as nitrogen or 
helium or even without diluents; and, furthermore, even 

25 with a perf luorinated diluent, higher yields of the 

desired highly f luorinated compounds are achieved than 
with metal porous tubes. 

Thus the present invention includes a method 
of preparing f luorinated organic compounds which com- 

30 prises: 

(a) introducing a first gaseous reactant 
stream comprising fluorine into an elongated inner zone 
surrounded by an aluminum oxide porous member fused at 
sufficiently high temperature to be resistant to 

35 fluorine corrosion; and 

(b) introducing a second gaseous reactant 
stream outside the aluminum oxide porous member compris- 
ing at least one organic compound with at least one 
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f luonnatable carbon selected from the group consisting 
of carbons covalently bonded to H, CI or Br and carbons 
olefinically or acetylenically bonded to other carbons; 

the pressure in the elongated inner zone being 
greater than the pressure outside the aluminum oxide 
porous member. 

A preferred form of the present invention 
involves the production of octaf luoropropane ( also 
called perf luoropropane) from three carbon organic com- 
pounds, with the octaf luoropropane recovered from the 
effluent outside the porous tube. 

DETAILED DESCRIPTION OF THE INVENTION 
The present invention employs a porous fused 
aluminum oxide (alumina) tube for the elemental fluorin- 
ation of organic compounds. When using such a tube for 
fluorination, unlike the f luorinations of copending U.S. 
application 107,122 in a porous metal tube, but like 
the chlorinations described in Canadian Patent 990,738 
and U.S. Application 644,788, it is sufficient to em- 
ploy common inert diluents such as nitrogen and noble 
gases and still achieve good yields with low losses to 
cleavage reactions or carbon formation. A perf luorin- 
ated diluent such as sulfur hexafluoride CF 4 , c 2 F 6 or 
C 3 F 8 < which ma Y al so be the reaction product) may also 
be employed as the diluent. Alternatively, HF, the 
reaction byproduct, may be used as a diluent. Preferred 
diluents include nitrogen, sulfur hexafluoride and the 
fluorinated products (being recycled) or HF (also being 
recycled) . 

In addition, with porous alumina tubes, fluor- 
ination reactions can be conducted with neither the 
fluorine fed into the interior zone nor the organic fed 
outside the porous tube being diluted. 

To minimize volumes and separation steps, it 
is preferred to use volume ratios of diluent to total 
reactants (including both fluorine and any organic hav- 
ing at least one f luorinatable carbon) of between 0:1 
and about 5:1, preferably 0:1 to about 2:1, more pre- 
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ferably 0:1 to about 0.5:1 and most preferably 0:1 to 
about 0.1:1. While these low diluent feeds are pre- 
ferred , some organics such as acetone are more stable 
to undesired byproduct formation if the reaction tem- 
5 perature is kept from becoming excessive, and employ- 
ing some diluent is one means of reducing reaction 
temperature. If a diluent is used, it can be mixed 
with either reactant or both. 

The organic compound used as a second gaseous 

10 reactant can have one or more carbons, at least one of 

which is "f luorinatable, " by which is meant having an H, 
CI or Br attached that can be replaced by F or an ole- 
finic or acetylenic bond to another carbon that can be 
added across by fluorine. Acyclic and cycloaliphatc 

15 compounds are preferred over aromatic compounds. Com- 
pounds having at least one C-H bond are preferred over 
compounds having only f luorinatable carbons other than 
carbons bonded to hydrogen. While carbons bonded to 
"hetero" atoms such as Br, CI or O are eventually 

20 fluorinated, the present process can also be made selec- 
tive by using limited amounts of fluorine and/or mild 
conditions so as to preserve hetero atoms and replace 
only hydrogens and unsaturations by fluorine. 

One preferred group of second reactants are 

25 the aliphatic hydrocarbons of one to eight carbons, in- 
cluding aliphatic hydrocarbons such as ethane, propane, 
butane and higher members of the series and olef inic 
hydrocarbons such as ethene, propene, butene and higher 
members of the' series. These materials can be converted 

30 to the corresponding perf luoroalkanes of the formula 

c F o .<•>' or less fluorinated members having unsatura- 
n 2n+2 

tions or hydrogens, and less than 2n+2 F's. Two pre- 
ferred reactants in this class are propane and propene, 
with the product being preferably perf luoropropane. 
35 Another preferred group of second reactants 

are partially halogenated compounds of the above group 
having some or all of the hydrogens or unsaturations 
replaced by CI, Br or F, but not all by F. Only hydro- 
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gens and unsaturations of such reactants are replaced by 
fluorine under mild conditions, especially temperature, 
and when the amount of fluorine is limited to that re- 
quired for the desired f luorination. Thus C 2 H 5 C1 can 
be converted to C 2 C1P 5 with low temperatures and only 
five moles of fluorine per C 2 H 5 C1; or it can be con- 
verted to C 2 F 6 with six or more moles of fluorine per 
C 2 H 5 C1» A preferred reactant in this class is hexa- 
f luoropropene . 

Another preferred group of reactants are the 
ketones of 3-8 carbons such as acetone, methyl ethyl 
ketone and higher members of the series, together with 
partially halogenated ketones, as described above. In 
general hydrogens will first be replaced by fluorine, 
then Br, then CI and only then the carbonyl oxygen. 
Preferred is acetone and partially halogenated acetone. 

Another preferred group of second gaseous 
reactants are the cyclized form of any of the above 
such as cyclopentane, cyclohexane, and cyclohexene. 
In General, aromatics are not preferred since they are 
more likely to result in byproducts which can clog the 
pores of the porous tube. 

The amount of fluorine introduced is prefer- 
ably between about 50% and about 150% of the fluorine 
required to convert the second reactant to a perf luor- 
inated product. Thus one F 2 is required for each C-H 
bond, one F 2 for each C=C bond and, generally, one F 2 
for each hetero atom (such as CI or Br) that it is de- 
sired to replace. 

Thus, a mole of an alkane of the formula 
C n H 2n+2 has a stoichi °roetric requirement of 2n + 2 
moles of fluorine and the preferred molar (or volume) 
feed of fluorine is between about n + 1 and about 3n + 
3 moles of alkane or a ratio of betwen about 5 and 
about 15 for propane, between about 4 and about 12 for 
ethane and between about 3 and about 9 for ethene. More 
preferred are amounts at the lower end of this range, up 
to a 10% excess over the stoichiometric amount. 
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For ketones, while between 50% and 15 0% of 
stoichiometric can be used, it is preferred to operate 
with excess organic, stoichiometric amounts or a slight 
excess of fluorine. Thus, for acetone, the preferred 
5 fluorine: acetone ratio (by volume or moles) is between 
about 1:1 and about 8:1; the more preferred ratio is 
between about 3:1 and about 6:1, and the most preferred 
ratio is between about 5:1 and about 6:1. 

The ratio of fluorine to three carbon compound 

10 depends, in part, upon the particular three carbon com- 
pound employed. Thus, in general, one can compute the 
stoichiometric amount of fluorine required to convert 
the entire second reactant to a perf luoropropane as a 
first estimate of the desired amount of fluorine to be 

15 introduced . 

For three carbon compounds having a hydrogen, 
one mole of fluorine is required (to make octaf luoropro- 
pane) for each mole of hydrogen bonded to carbon such 
that half of the fluorine molecule can replace the 

20 hydrogen to form a C-F bond and the other half of the 
fluorine molecule can form HF by-product. For each 
unsaturation, one mole of fluorine is required to add 
across a double bond and to form two C-F bonds. For 
each other halogen present such as CI or Br, or any 

25 other hetero atom present, one molecule of fluorine is 
generally required to both replace the hetero atom and 
form a by— product between fluorine and the hetero atom. 
In general, however, hetero atoms are preferably not 
present such that the three carbon compound has no 

30 elements other than carbon, hydrogen and fluorine. 

While any amount of fluorine may be used, it 
is preferred to use between 50 and 150 percent of the 
stoichiometric amount. Thus, in the case of propane, 8 
moles of fluorine per propane constitutes the stoichio- 

35 metric amount, and a generally suitable range of fluor- 
ine is between about 4 and about 12 moles of fluorine 
per propane. Preferably, between about 5 and about 10 
moles of fluorine are introduced into the inner zone per 
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mole of propane introduced outside the elongated porous 
member. More preferably between about 8 and about 9.5 
moles of fluorine are introduced per mole of fluorine. 

In the case of propene r the stoichiometric 
amount is 7 moles of fluorine per propene. A generally 
suitable overall range is between about 3.5 and about 
10.5 moles of fluorine per mole of propene. A pre- 
ferred range of fluorine to propene ratios is between 
about 4:1 and about 8:1, more preferably between about 
7rl and about 8:1. 

In the case of hexaf luoropropene, the stoich- 
iometric mole ratio is 1:1 while a range of about 0.5:1 
to about 1.5:1 is suitable , as well as amounts higher, 
and especially lower in fluorine than that range, the 
preferred ratios are between about 0.7:1 and about 1.1:1, 
especially about 1:1. 

Suitable and preferred ratios for other or- 
ganics can be easily determined by routine experimenta- 
tion after considering that less stable structures are 
subject to cleavage and may require avoiding large ex- 
cesses of fluorine over the stoichiometric amount, while 
operation far below the stoichiometric amount may neces- 
sitate excessive recycling if highly fluorinated prod- 
ucts are desired. 

The porous alumina tube used in the present 
process is of a composition high in Al 2 0 3 and prefer- 
ably low in other materials such as silica and iron 
oxides. it is generally prepared at elevated tempera- 
tures from bauxite or "Bayer hydrate". It is normally 
porous when prepared due to the elimination in the 
vapor phase of water, carbon dioxide or other volatile 
components of the starting mineral. The primary cri- 
teria for selecting alumina materials is that they be 
resistant to corrosion by fluorine, which can convert 
most aluminas that are not fused to aluminum fluoride. 
If a porous alumina were^sp. converted, the lesser 
density of aluminum fluoride compared to alumina would 
cause expansion so as to plug the pores. Thus a porous 
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alumina can be treated with fluorine alone first to test 
for suitability , and such prior treatment appears de- 
sirable for any fresh porous tube before introducing the 
organic reactant. Pore size is not particularly 
5 critical, 

A suitable porous aluminum oxide is sold by 
Norton Company of Worcester, Massachusetts as ALUNDUM 
(their registered trademark) AN-299A. Its properties 
are given below in Example 1. 

10 Exact contact times and temperatures are not 

critical, with a suitable minimum temperature being the 
boiling point (under reaction pressures) of the least 
volatile reactant and a suitable maximum is 300°C for 
most organic reactants. A preferred maximum is about 

15 250 °C for more stable organics such as alkanes and about 
200 °C for less stable organics such as ketones (e.g. 
acetone). The maximum temperature on the surface of the 
porous tube can be adjusted by alteration of various 
flow rates including the flow of diluent, if any. Con- 

20 tact times are not critical, and may vary between about 
1 and about 200 seconds, or higher or lower. Preferred 
contact times vary between about 10 and about 90 seconds. 

Where propane is the reactant, octaf luoro- 
propane can be recovered from the effluent by condens- 

25 ing the effluent under sufficiently high pressure and 

low temperature to condense octaf luoropropane , separat- 
ing the condensate from the uncondensed portion of the 
effluent, separating an organic phase of the condensate 
from a hydrogen fluoride phase of the condensate and 

30 recovering octaf luoropropane from the organic phase of 
the condensate. The preferred method of recovering 
octaf luoropropane from the organic phase of the conden- 
sate is by fractional distillation since, once phase 
separation has occurred, no compounds boiling close to 

35 octaf luoropropane will remain in the condensate. It 
should be appreciated that, if propane itself were 
present in the effluent, it would also be found in the 
organic phase of the condensate and would, according to 
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U.S. Patent 3,840,445 complicate purification. In the 
examples described below having a stoichiometric excess 
of fluorine, no propane was detected in the effluent 
and no difficulty should be encountered in separating 
perf luoropropane from other materials by fractional dis- 
tillation. 

Example 1 

Fluorine (0.53 mol/h) and helium (0.25 mol/h) 
were introduced into a porous tube 15.2 cm (6 inches) in 
height and 1.9 cm (0.75 inches) in diameter. Propane 
(0.060 mol/h) was introduced into the base of an annular 
zone between the outside of the porous member and an 
outer impervious stainless steel tube. The overall 
configuration was such that the inner zone of diameter 
was surrounded by a wall thickness of 0.6 cm (0.25 
inches) which in turn was surrounded by an annulus of 
0.95 cm (0.375 inches). The pressure inside the porous 
tube was maintained slightly about the pressure outside 
the porous tube. Product was withdrawn from the top of 
the impervious tube, above the upper end of the porous 
tube. The porous tube was of fused alumina having a 
porosity (ratio of void space to total volume) of 21%, 
permeability (mL of air/min. through a piece one inch 
thick and one square inch in area with a pressure dif- 
ferential of one inch of water) between 12 and 20 and a 
chemical analysis of 99.55% A1 2 0 3 , 0.07% Si0 2 , 0.09% 
Fe 2 0 3 and 0.25% K 2 0 and Na 2 0 (sold by the Norton Com- 
pany of Worcester, Massachussets as ALUNDDM AN-299A 
fused alumina, "ALUNDUM" being their registered trade- 
mark ) . 

The total product was condensed in a liquid 
nitrogen chilled trap and analyzed by gas chromato- 
graphy. Prior to condensation, HF was removed from the 
effluent by scrubbing with NaF. In a six-hour experi- 
ment 122 grams of fluorine and 15.9 grams of propane 
were fed, for a total of 137.8 grams of reactants fed 
in. Product recovery was 60 grams HF and 73.4 grams of 
organic product, for a total of 133.4 grams or a 97 
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percent mass recovery. Gas chromatography analysis of 
the organic indicated 2.4 weight percent carbon tetra- 
fluoride, 2.0 percent carbon dioxide, 4.6 percent per- 
f luoroethane , 68.4 percent perf luoropropane, 21.6 
5 percent other three and six carbon fluorinated alkanes 
and 1.0 percent unknowns. Thus, based solely on the 
68.4 percent of the 73.4 grams product, the yield per 
pass was 73 percent based on propane fed. It should be 
appreciated that at least a portion of the 21.6 percent 
10 was also materials such as partially fluorinated propane 
which could, if recycled, produce additional perfluoro- 
propane. 

Examples 2-17 

Fluor inat ions of Propane and 
15 Propene in Fused Alumina Porous Tube 

Using the porous tube of Example 1, a number 
of experiments were performed feeding the mol/h of fluo- 
rine and mol/h of diluent (either sulfur hexafluoride 
or nitrogen) into the interior of the porous tube indi- 

20 cated in Table 1 under the heading "Inner Zone". In ad- 
dition, the amounts of propane or propene and 
diluent indicated in Table 1 under the heading "Outer 
Zone" were fed into the annular space around the porous 
tube. The maximum temperature along the outside of the 

25 porous tube was monitored with a thermwell and is 
indicated in Table 1. Contact times computed from 
reactant flow rates, reaction temperature and volume of 
annulus are also indicated in Table 1. Gas 
chromatographic analysis of the effluent after absorp- 

30 tion of HF by NaF was performed and the results compared 
to control samples so as to calculate a yield of octa- 
f luoropropane based on fluorine in cases where less flu- 
orine than the stoichiometric amount was introduced and 
based on propane or propene fed where less than the stoi- 

35 chiometric amount of propane or propene was introduced. 
In Table 1 the fluorination ratio or "F. Rat." is shown 
to indicate the mole ratio of fluorine to propane or 
propene which should be compared to the stoichiometric 
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amount which is 8 in the case of propane and 7 in the 
case of propene. The yields reported in Table 1 do not 
take into account partially fluorinated propanes and 
propenes which could be converted to additional 
octaf luoropropane if recycled. 

Table 1 

Fluorinations of Propane and Propene 
In Fused Alumina Porous Tube 
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Examples 18-20 
Employing the same apparatus as in Example 1, 
the amounts of fluorine and nitrogen (in mol/L) shown in 
Table 2 were introduced into the base of the alumina 
35 porous tube and the amounts of acetone and nitrogen 
(in mol/L) shown in Table 2 were introduced into the 
base of the annular zone. After absorption of HF in 
sodium fluoride, the effluent was analyzed by gas 
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chromotography yielding the proportions of hexafluoro- 
acetone, partially fluorinated acetones and byproducts 
(principally of one or two carbons) indicated in 
Table 2. 



Table 2 

Fluorination of Acetone In 
Porous Fused Alumina Tube 
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Example 21 and Comparative Examples 22 and 


23 


Examples 18 


-20 were repeated with the 


feeds 


and- product analysis 


shown in Table 


3, with sulfur 


hexafluoride as the- diluent both for acetone and 


for 


fluorine. Similar experiments were 


conducted as 


indi- 



cated in Table 3 using a porous copper tube (C22) and 
a nickel tube (C23). The tubes were similar to the 
alumina tube except that their diameter was 3.8 cm 
(1.38 inches) instead of 1.9 cm (0.75 inch); their 
thickness was 0.16 cm (0.0 63 inch) instead of 0.6 cm 
(0.25 inch); and their pore sizes were 5 and 10 
micrometers, respectively. As shown in Table 3 r the 
yield of hexaf luoroacetone was over twice as much and 
the byproducts less than one quarter as much with the 
alumina tube compared to the metal tubes. 
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Table 3 

Fluorination of Acetone In 
Different Porous Tubes With 
Sulfur Hexafluoride Diluent 
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Examples 22-26 

15 Examples 2-17 were repeated with the organic 

feed being normal pentane (Ex 23), cyclopentane (Ex 24), 
dimethyl ether (Ex 25) , trimethylamine ("TMA") (Ex 26), 
methane (Ex 27) and acetyl fluoride ("AF") (Ex 28). 
The yields of perf luorinated products CF 3 (CF 2 ) 3 CF 3 , 

20 cyclic (CF 2 ) 5 , CF 3 OCF 3 , CF 4 and CF 3 C0F are indicated for 
all Examples except 26. The yields of compounds having 
less fluorines, but the same carbon, carbon-oxygen 
or carbon-nitrogen skeleton ("partially f luorinated 
products") and byproducts (apparently by degradation 

25 of the skeleton) are also indicated in Table 4. 
For trimethylamine, peaks were detected which 
appeared to be compounds such as (CF 3 ) 3 N, (CF 3 ) 2 (CHF 2 )N, 
(CF 3 ) (CHF 2 ) 2 N and (CHF 2 ) 3 N. Mass spectral analyses of 
second and fourth members of the series confirmed their 

30 presence. 



35 
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Table 4 







Other 
Fused 


Fluor i nations With 
Alumina Porous Tube 




Ex 


23 


24 


25 


5 


Organic n- 


-pentane c-pentane 


dimethyl 
ether 




O.Z. Organic 


0.040 


0.031 


0.050 




O.Z. N 2 


0.10 


0.10 


mi 




I.Z. F 2 


0.36 


0.30 


0.50 


10 


I.Z. N 2 


0.50 


1.0 


1.0 




Max TemD °C 


210 


185 


156 




GC Analys is 
(area %) : 










Perfl. prod. 


54 


76 


53 


15 


Par. fluor- 
inated prod. 


25 


10 


16 




Byproducts 


21 


14 


31 




Ex 


26 


27 


28 


20 


Organic 


TMA 


Methane 


AF 




O.Z. Organic 


0.030 


0.060 


0.066 




O.Z. N~ 


0.10 


0.10** 


0.10 




I.Z. F 2 


0.30 


0.25 


0.21 


25 


I.Z^ N 2 

Max. Temp °C 

GC Analysis 
(area %) 


0.50 
151 


0.50** 
136 


2.0 
92 




Perfl. prod. 




67 


44 


30 


Par. fluor- 
inated prod. 


* 


29 


27 




Byproducts 


* 


4 


29 




* not quantified 







**helium diluent used instead of nitrogen 

Examples 29-32 

35 Fluorination of Hexaf luoropropene 
in Porous Alumina Tube 

The general process of examples 1-17 were 

repeated with hexaf luoropropene ("HFP") as the organic 
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feed. These Examples illustrate the susceptability of 
double bonds as the sole "f luorinatable carbons" to 
fluorination by the present process. The feed rates , 
operating conditions and results are displayed in Table 
5. The area % of nitrogen is included in the analysis 
(diluent was excluded in previous tables). 



Table 5 

Fluorination of Hexaf luoropropene 



Ex 


29 


30 


31 


32 


Organic 


HFP 


HFP 


HFP 


HPP 


O.Z. Organic 


0.30 


0.25 


0.25 


0.50 


I.Z. F 2 


0.25 


0.25 


0.25 


0.50 


I.Z. N 2 


1.0 


1.0 


0.50 


0.25 


Max. Temp. 


143°C 


170°C 


184«»C 


254°C 


Contact Time 


18 s 


18.5 s- 


28 s 


22 s 


GC Analysis 










(Area %) : 










N 2 


57.8 


60.8 


46.4 


19.3 


CF 4' C 2 P 6 


0.2 


0.4 


0.8 


0.9 


C 3 P 6 


2.1 


0 


0 


0 


C 3 F 8 


25.8 


22.8 


36.7 


58.5 


C 6 P 14 


14.1 


16.0 


16.1 


21.3 


% Yield C 3 P 8 


80 


66 


70 


67 



(F 0 basis) 
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What is claimed is: 

1. A method of preparing perhalogenated 
organic compounds which comprises: 

(a) introducing a first gaseous reactant 
5 stream comprising fluorine into an elongated inner 

zone surrounded by an aluminum oxide porous member fused 
at sufficiently high temperature to be resistant to 
fluorine corrosion; and 

(b) introducing a second gaseous reactant 

10 stream outside the aluminum oxide porous member compris- 
ing at least one organic compound with at least one 
f luorinatable carbon selected from the group consisting 
of carbons covalently bonded to H, CI or Br and carbons 
olefinically or ace tylenically bonded to other carbons; 

15 the pressure in the elongated inner zone being 

greater than the pressure outside the aluminum oxide 
porous member. 

2. The method of claim 1 wherein the organic 
compound is an acyclic hydrocarbon of 1-8 carbons having 

20 at most one olef inic unsaturation. 

3. The method of claim 2 wherein the organic 
compound is an aliphatic hydrocarbon of 1—8 carbons* 

4. The method of claim 1 wherein the organic 
compound is an acyclic halogenated hydrocarbon having 

25 no element other than carbon, hydrogen, chlorine, 

bromine and fluorine and having at most 2n+l fluorines 
where n is the number of carbons* 

5. The method of claim 4 wherein the organic 
compound has at least one hydrogen* 

30 6. The method of any of claims 1 to 4 wherein 

the organic compound has three carbons and the method 
includes recovering octaf luoropropane from the effluent 
outside the porous member. 

7. The method of claim 6 wherein the organic 
35 compound is propane or propene or hexaf luoropropene* 

8. The method of claim 1 wherein the organic 
compound is a ketone of 3-6 carbons. 

9* The method of any previous claim wherein 
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the overall volume ratio of diluent introduced with the 
two react ants to total reactants is between 0:1 and 
about 5:1. 

10. The method of claim 8 wherein the organic 
compound is acetone and the molar ratio of fluorine to 
acetone is between about 1:1 and about 8:1. 
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